lysis in vitro; and in the present investigation the effect of this compound upon various lipid and protein monolayers has been studied. A few observations are also reported upon 9-aminoacridine and phenothiazone, which were shown to be accelerators by Collier (1945) and Collier and Allen (1942) .
Metkods
Surface pressure measurements were made with a Cenco hydrophil balance, a modification of the Langmuir trough. The area of the water surface before the mica barrier was about 700 sq. era. and the fluid capacity was approximately 1500 ml. Film-forming substances, dissolved in appropriate solvents, were spread upon 0.04 M sodium phosphate buffer of pH 7.0 in the trough, using a micropipette. The hemolysis accelerators were dissolved in the buffer before the lipid or protein was spread as a monolayer, and the results were compared with those obtained when the film-forming substances were spread upon buffer alone. All experiments were performed at room temperature, 20-25"C.
Area and surface pressure measurements were made in what Bull (1947) has termed the "high pressure" region; i.e., at pressures above 1 dyne per can. Force-area curves were constructed from these measurements, and the limiting area was estimated by extrapolation to zero pressure of the linear portion of the curve. Where possible, the minimum compressibility coefficient, $~, was calculated by the method of Bull (1947) .
RESULTS
Acetylphenylkydrazine.--Crystalline bovine plasma albumin (Armour Laboratories), dissolved in buffer, was spread upon buffer containing acetylphenylhydrazine (British Drug Houses) in concentrations from 0.0002 to 0.010 ~. The resulting force-area curves are represented in Text- fig. 1 A, and the changes in limiting area are given in Table I . The minimum compressibility coefficient for the albumin on buffer alone was 0.0227 at 9 dynes/cm, and an area of 0.55 sq. m./mg. For albumin spread on 0.010 M acetylphenylhydrazine the corresponding 8= was 0.0256 at 9 dynes/era, and 0.615 sq. m./mg. Cholesterol and plasma albumin were spread together from isopropanolsodium acetate solution by the method of St~llberg and Teorell (1939) . Text- fig. 1 B illustrates the effect of 0.001 ~ acetylphenylhydrazine upon such a film (cholesterol and albumin in a ratio of 1:4 by weight); the force-area curve was obtained 3 hours after spreading. The value of 8= for the film on buffer alone was 0.0131 at 10 dynes/cm, and 0.62 sq. m./mg. For the film on acetylphenylhydrazine the value was 0.033 at 11 dynes/cm, and 0.67 sq. m./mg. Evidently there was an appreciable increase in compressibility.
In the case of cholesterol-albumin films, the effect of changes in pH was determined, and it was found that the increase in limiting area due to 0.001 M acetylphenylhydrazine was virtually independent of the pH:-- Gliadin was prepared from wheat gluten and this was dissolved together with cholesterol in 70 per cent ethanol (gliadin and cholesterol in a ratio of 1:4 by weight). This was spread upon 0.001 ~ acetylphenylhydrazine, and Text- fig. 1 C shows that there is a great increase in surface pressure, especially at the lower pressures. Films of cholesterol alone, cephalin alone (product of Wilson Laboratories), 1:1 cephalin-cholesterol, and 1:4 cephalin-albumin were found to be virtually unaffected by 0.001 ~ acetylphenylhydrazine.
9-Aminoacridine.--Plasma albumin was spread upon buffer containing 9-aminoacridine hydrochtoridC at concentrations of 10 -4, 2 X 10 --4, and l0 s ~t. The increases in limiting area of the protein film are recorded in Table I , The lowest concentration had no effect upon the film area, while the higher concentrations increased the limiting area by about 10 per cent.
Films of cholesterol were unaffected by 9-aminoacridine.
Pkenotkiazone.--Phenothiazone was prepared from phenothiazine by the method of Pummerer and Gassner (1913) o, film on buffer alone, x A, film on acetylphenylhydrazine.
ethanol. When it was dissolved in buffer it was found that the dye contained a film-forming impurity, which could be removed only by repeated sweeping of the surface of the solution in the trough, until further sweeping caused no deflection of the barrier. Plasma albumin was spread upon buffer containing phenothiazone in concentrations of 1.0 × 10 -5, 4.2 × 10-5, and 3.2 × 10 --4 ~. The increases in limiting area of the protein fill thus measured are given in Table I. A fill of 1:4 cholesterol-albumin (dissolved in isopropanol-sodium acetate) was spread upon a 4.2 X 10 --~ ~ solution of the dye, and the increase in limiting area was found to be 0.080 sq. m./mg. Fills of cholesterol alone, spread upon solutions of phenothiazone at 10 ~ ~ concentration, were unaffected.
DISCUSSION
The accelerators of hemolysis which have been investigated are relatively simple compounds, not surface-active in themselves. Yet they have a strong effect in causing the expansion of albumin monolayers, while not affecting cholesterol monolayers. Presumably these compounds are bound to the protein molecules through their polar groups and also through the hydrophobic ring structures. A curious observation is that both acetylphenylhydrazine and 9-aminoacridine produce their maximum effects upon plasma albumin films at very low concentrations (10 -3 and 2 X 10 -4 M respectively), and at higher concentrations appear to have no greater effect.
In their acceleration of hemolysis of erythrocytes, it can only be surmised that these substances attack the protein component of the erythrocyte membrane, causing alterations in permeability which enhance the action of a hemolytic agent.
SUMMARY
The effect of three accelerators of hemolysis--acetylphenylhydrazine, 9-aminoacridine, and phenothiazone---upon protein and lipid monolayers has been examined. These compounds, in low concentration, cause marked expansion of monolayers of plasma albumin, but have no apparent effect upon cholesterol fills. It is suggested that these accelerators may affect the protein component of the erythrocyte membrane, thus enhancing the action of hemolytic agents.
